The Center for Adult Diseases, Osaka (Received for publication, September 18, 1961) The surface tension theory seems to have been often referred to in explaining the mechanism of phagocytosis.7),12), 37) ind ‡Widual leucocytes, the dynamic pattern of neutrophils previously described by the present authors seem feasible13-18 ), [39] [40] [41] [42] [43] [44] namely, neutrophils of healthy human adults are classified into five dyanamic patterns ( Fig. 1 ) which are each possessed with almost definite chemotactic and galvanotactic functions. A decrease in the motile function of leucocytes is accompanied by a corresponding shift in their dynamic patterns (Fig. 2) . When the production of ATP is inhibited, Fig. 2 a) Whole Erythrophgocytosislo) : When studied with a phase contrast microscope, type ‡UA which shows an act ‡We function is seen to approach an erythrocyte with the pseudopod and then pushes the erythrocyte forward by the advancing pseudopod. As a result, the intens ‡We advancing power of the pseudopod separates the erythrocyte which adhered to the surface of a slide glass. Hence, the so-called surface phagocytosis occurs only with some diffi culty. Furthermore, the pseudopod occasionally proceeds in a deviated direction after it touches the erythrocyte, and the cell is kept apart from the erythrocyte. Such phagocytic failure seems to be attributable to a high surface tension of the pseudopod. Types ‡V and ‡W which show a decreased function adhere to the erythrocyte with their thinner pseudopod. The pseudopod slowly begins to enclose the erythrocyte. Then the granuloplasm enters the pseudopod. This process is progress ‡Wely repeated until the erythrocyte is completely enclosed. In this case the erythrocyte keeps almost the initial position. The above findings lead to a disagreement with reports which are supported by electron microscopic findings only, that a foreign body is trapped into the cytoplasm of cells by indentation, or invagination of the cell membrane.6),20), 23) It has been clarified that phagocytosis first requires the development of the pseudopod, and that it is greatly related with the adhesiveness and surface tension of the pseudopod.
Thus, it seems adequate and necessary to discuss the above attributes of the pseudopod.
The pseudopod plays an influential part in phagocytosis, and in even more influential part in the cell movement so that the development of the pseudopod can even represent the cell movement. This seems to indicate that the pseudopod is closely related with the fact that some features are common and others are uncommon between phagocytosis and the cell movement.
Suffice it to say, because of the limited space that only an outline conclusion about the development of the pseudopod is given here. From our experimental results it is assumed that contractile protein which seems to be of an actomyosine nature may exist in the surface layer of the granuloplasm of leucocytes, and that protein contracts by means of ATP. The contraction is observed morphologi cally as a wave, i.e., the constriction wave consists of the elongating and the shortening wave (Fig. 3) . The former shows a circular contraction, pushing the Since phagocytosis is a dynamic phenomenon, it is advisable to fix an object being phagocytosed in situ for observation. Attention has been given to this aspect in preparing sections used in the present electron microscopic experiment. First electron microscopic observations were made of moving cells. In this case, the pseudopod of cells such as various leucocytes26),27) and peritoneal macrophages 28),29) revealed no smooth surfaced endoplasmic reticulum or outward opening .
Although it has been reported that openings of the smooth surfaced endoplasmic reticulum are observed in the pseudopod,48) 49) our results have denied such findings, confirming that the smooth surfaced endoplasmic reticulum exists only in the granuloplasm. But it is to be noted that peritoneal macrophages occa sionally cause pinocytosis so that the presence of a pinocytosis droplet in the pseudopod gives an appearance as if there were a smooth surfaced endoplasmic reticulum.
When relations between the growth of a neutrophil from a myeloblast and the endoplasmic reticulum is observed, it is revealed that the endoplasmic reticulum is abundant in a non-phagocytic promyelocyte but scanty in an active phagocytic neutrophil .27 ) Therefore, it led us to consider that the endoplasmic reticulum has nothing to do with phagocytosis.
On electron microscopic findings whole erythrophagocytosis26) is, like on phase contrast microscopic findings, started off with the contact, and the enclosing of an erythrocyte by the pseudopod through transference of the erythrocyte into the cytoplasm. On the outside of the phagocytized erythrocyte there is observed a limiting membrane which is connected with the cell membrane of the pseudopod (Photo. 1). This connection is subsequently separated. Accordingly it is obvious that the erythrocyte is devoured being enclosed by the cell membrane of the pseudopod and that this cell membrane is not easily digested in the cytoplasm of the leucocyte. b) Bisect Erythrophagocytosis10): Bisect erythrophagocytosis, if viewed by a phase contrast microscope, is carried out first by trapping a part of the erythrocyte with the pseudopod of the leucocyte and after granuloplasm having reached this part a constriction wave develops. This constriction wave moves along the margin of the trapped erythrocyte. . The elongating wave makes the erythrocyte squeeze into a prolonged shape. The shortening wave draws the trapped erythrocyte inward. Especially the terminal, the part where the erythrocyte is trapped, shows an intensive contraction, resulting in a bisection of the erythrocyte (Fig. 4) . It seems reasonable that this bisection is carried out only by type II which shows the most active function. Fig. 4 . The process of bisect erythrophagocytosis . The arrows show the constriction wave. Type II gets in contact with and traps an erythrocyte with its pseudopod (1, 2) . Its granuloplasm gradually fills the pseudopod so that it reaches the region where the erythrocyte is trapped (3). It follows a contraction at this granuloplasm which is observed in the margin of the cell as a constriction wave (4). The elongating wave (b) shows a circular contraction , and the shortening wave (a) a longitudinal contraction.
And the erythrocyte assumes a pear-shaped appearance in the trapped region and becomes increa singly elongated (5) . With an intensified development of the elongating wave the erythrocyte comes to be bisectioned (6) .
The findings so far obtained of erythrophagocytosis facilitate general observa tions and they are common with phagocytosis for foreign bodies other than an erythrocyte, as reported later. They seem to afford a useful clue in explaining the dissociation between phagocytosis and the movement of leucocytes. c) Bacteria Phagocytosis : The material employed was Staphylococcus epidermidis et aureus. In bacteria phagocytosis, as in erythrophagocytosis, first the pseudopod of neutrophils adheres to a bacterium and encloses the bacterium from the outside as it shows a progressive development. Then both tips of the pseudopod are fused together to make a phagocytic vacuole and en gulfing is completed. Sometimes a mass of bacteria is engulfed at the sametime. Therefore, it does not seem reasonable to infer that bacteria may multiply within the cytoplasm only on the basis that bacteria are rather numerously found in the phagocytic vacuole.21) On electron microscopic findings, it is observed that after the cell membrane of the pseudopod encloses a bacterium with its fused tips and its fused tip is separated from its surface, a bacterium is transferred into the cytoplasm without disappearance of the cell membrane. Thus it is revealed that the limiting membrane of the phagocytic vacuole is originated from the cell membrane.
The bacteria phagocytosis of monocytes and peritoneal macrophages is fundamentally the same as neutrophils (Photo. 2i-v). In any case, after a foreign body is enclosed, an inactive cell tansfers it into the cytoplasm as the pseudopod retracts, and an active cell transfers into such, it as the pseudopod proceeds. On electron microscopic findings, no case has shown phagocytosis through the smooth surfaced endoplasmic reticulum (Photo. 3). d) India Ink Phagocytosis27),29) : On electron microscopic findings , the India ink phagocytosis of neutrophils and peritoneal macrophages is , as in bacteria phagocytosis, started off with the enclosing of India ink particles with the pseudopod, fusion of the tips of the pseudopod , formation of the phagocytic vacuole, separation of the vacuole from the cell membrane of the pseudopod through transference of the India ink particles into the cytoplasm (Photo. 4). Within the phagocytic vacuole, India ink particles show a trend of adherence to the vacuole wall.1), 27) e) Pinocytosis38) : Those neutrophils which develop pinocytosis are, as already mentioned, those whose pseudopod has a low surface tension, a broad width, a feeble margin and many folds. The tips of the neighbouring folds are fused together to make a droplet. In transfering the thus formed droplet into the cytoplasm, an active cell keeps its pseudopod proceeding, while an inactive cell keeps its pseudopod retracting. On electron microscopic findings the membrane of the droplet is found to be of cell membrane origin (Photo. 5). It is concluded that phagocytosis is performed by a mechano-chemical system which is coupled by ATP.
5.
A decrease in energy is not always proportionally accompanied by a decrease in phagocytosis. Occasionally an adverse relationship is observed, since phagocytosis is subjected to various interacting factors, such as the size, number, developmental speed and frequency, surface tension and adhesiveness of the nseudopod. and the nature of foreign bodies to be devoured. 6 
